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1. Introduction

-25X1 This report covers the following topiés&

ae. Design of a Urea Plant
e bes Design of an Experimental Laboratory for Severo—Donets
¢. Report on Acetic Acid and Esterification
d. Construction and Installation Plans for Dismantled Leuna Equipment
e. Questionnaire on Ammonium Witrate
f., Memorandum on Kaurit Leim or K-Glue
g« Report on Silica-Alumina Catalysts
he Production of Formaldehyde
i. Production of Propionaldehyde
je Production of Trimethylol Ethane
k. Produciion of Glycerine
1. Production of Oppanol C
m. Production of Mersol
. n. Production of Fatty Acids by Alkali Fusion
*  o0s Production of Adipic Acid .
p~ Report on Oxo Process
- ) Q. Report on Synol Process
e re Doesign of Tunnel-Type Drying Oven
: 8. Questionnaire on Brown Oxide Catalyst
» Production of Ammonia Catalyst
u. Memorandum on Hydrogen Purification with Alkaline Copper Solution
v. Production of Higher Alcohols by Aldehyde Reduction
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. Wa: Rrolnction of Met¥Fimel and Imobutyl 0i1 -
\ . Xe: Saparation of Alcehols in Isobutyl 0il- o =
\ e, PoS1igR of & Pilot Plaat for B‘Iloh.r-r:opach S,nthonin by the m IQM
\ . usihg Fluldized Bad of Iron Gatalyst.
a \ @s Posign.of & Pilot Plemt.for Separation of the Fisgher-Trepseh:Synthe-
8is Produots -
@fs  Repoit on Water-Gas Shift neaotion under Prescm uing Fixzed ané
7 Rlediddised Bsde
3. Plamasd Catelyst Prodwstion Plant at Severo-Ponetsk
08. Pesaidle Gyolmmite Prodwotion Plant near Rubeahniya
ae. Phthslic Axhydride Prodnotion Plaat &t Rmbeshnaya -

S Q. ; a " t

(l) Irs m. Qeik, | Imquatod to doaisn a m. ‘Plant of
5000. zetrie toms per month capacity. Q,mkine oxporisnve with &

2 5X1 pleaat of this size, we submitted imstesd twe proposals for pilet
plants of 3.6 and 30 mesrTic toms per month capeoity, differing only
in eaguipment sizo. Im those designs, liquid ammionia and carbon.

diexide weroe to bho pumpéd ihromgh two resctorsz @ach demsisting of

, . séries~oonnected, horisentil, steems-jasketed tubes, plicod eae

: ' shave the othor. These Teactors were to be eparated as 150+160%

e and 130°G respectively, under a pressure of 100 atm, oné with a' :
' PR *  throwghput time of omé hour i8 esch rénptor. The Prodsare wae twviae

TR L AR as high as had doon used at I.om, but wag Fecomminied.bedouie thoe

—~ ‘ roastion is favored by higher pressurés. It wan adouined SHAL aunsle.
: 1v¥m oarbonate would be the main produot from the first resater, ond

4hat uioa and watér wounld be ohtained from the scoond resster,. This
preduct was theoa to be Llashed' in a colusn ovntainiig sieve plates
f£7od whioch the ammonia and oerbonm dioxide vapor weild be ‘Teosapressed
fexr rmepyoling, while the ures~water mixturs would be drswn #ff fer
' -grer a drun drier, Ii{ was magntad that nm].. mtn. high
' 25X1 silioon stool, or 1..4-11304 rTosoters be wsods)

{2) it was _ngguoa %o lecate thia plant at Sevoxo-Donatako.

_ 25X1 .- u:;u was prabably $a be used for mies-fermaldouyile roains, aueh

25X1 (1) . m workad on th:l.a dosign. |
R T zanm sn Austis Ao1d smd Foterification

(1) 2x @emaogner cempleted this report at Sovero-:nonotut. It had been
o aseigred to him at the Karper Inotitnte. It was te cover the Leuna
werk eon acotic acid, and uolnde a general review ex esterification.

" 25X1 (2) During the war, oxperiments were ocorducicd at Leuns to producoe
' spetie 8014 from methanol and caxbenr monoxide under a preassure of

25X1° 700 atas
]
0.»-; . Lon_pnd :
(1) P 3 worked alene on this assigmment. He wa@ |
25X1 PR transforred to tho Consiruction 0ffice at Sevarc-Donetslk,
where Lt had to examine coastruction plans whish had bdeid evacuaisd
25X1 . fron Lowna, end vork out new constrnation pleie for the dismantl:d
. " Louna.nachinery and ‘eaquipment at: Sov&ro-nomtnk. !'hia work Xept
. . bia buey watil April 1950. _
A
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> 25X1(2) He was the oaly ome | |vho was permitted té emter the
’ . . ptorage enclosure, where the dismantled Leuna equipment was lying
25X1 in the open. | his drawings were designed oxolusively
for use in the Severo~Donetsk plant. He was mnuch "concerned with

opnntmct'ion and installation plans for motors and engines. He was
' never pormitted to enter the Severc-Donetsk plant proper. '

G Qggatimuire on Ammonium Nitrate 7
(1) This colleotive assignment, Dr Bode exciluded, was éiven‘ |b7
LOR »

: .0 Mr Bikltenko, and was ‘accepted by him after its complots $+ con~-
- 25X1 sisted of about 7-10 questions, such as the following:
i
‘ - ' a How can the danger of explosion by diminished?
! ) How can the strewing quality of the produst be improved?
(-} How can caking be prevented? .
d) TWhat is the best method of producing crystals cf a definite

. . grain size?
(¢) What are the best comditiouns for storage and transportation?

Laoking first-hand information,[  |resorted for the most part te

T, ptandard German encyolopedias in anewering these questiona. The
Soviets profenned:report to0ld them nothing they hadn't kmown
before. -

! Te: .<leloran§.nm on Kaurit Leim or K-Glue

25X{1) CJevbmitted [ memorandum on the production of Eauril Leim, ox
: . E=~@lue, at Leuna. This glde is a partially polymerized nrss-formal-
25X1 dohyde condensation. product, whose final polymerization ocours in
25X1 situ, after application, thereby producing an ir¥révoraible gluee
25X1 The final polymerization, or seiting, cen be inkibited for about
: one month by ihe addition of ammonium sslts, dut thon the &ddition
: 25X1-  of accelerators is reguired before application. |

25X1

25X{2) Kaurit Leim vwas not produsced at Leuna until aftfer tho war.
: .. |the production wan about 100 metrioc tong per
| i 2 5)(1 _vnonth. ‘ .

'\ . @». Report on Silica-Alumina Catalysts

! . (1) Abc'mt Decembexr 194B| a comprehensive report on
: - the Louna wartime production or ocatalysis containing gilica and
elunina. | |this repor:s in four parts, as follows:

a Production of Basic Materialiss Silica Gel and Active Alvmina

b Production of Catalysts from Basic Materials

o Properties of these Catalysta

. d) Applications of these Catalyste.

25X1 %he first part was completed in December 1948. The secnnd Pt
was worked on and completed during Maroh 1949. The third maxt =-n

writiten during April 1950. The fourth part wae never staxic’

ko P;admtion of Formaldehyde

' (1) Prs Gemassmer, Schmidt, and Gaib workodi on this repy . dob. a-cing

SECRBET
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the production of formaldehyde. The process is analogous and the
edquipment identical to that vsed in the productiom of propionelde-

hyde.
4e Prodnction of Propionaldehyde

! . (1) Barly in January or February 1949£:;:::1vorked on a report Somcerm-
i - . 4ing the production of propionaldchyde at Leuna, but lacked essemtial
25X1 data for more than a meager report based on thooretical considera-
. tione. In January 1950, however, Soviet-collected Leuna data frem
25X the archives of GIAP ir Moscow were made available, and in Narch
1950[ Jeubmitted & more comprehensive report.

(2) At Leuna, propionaldehyd~ was produced by oxidizing normsl propyl
.7 aleochol with air over a silver catalyst at 520°C and atmoapheris
pressure. Because of the large heat of rsaction, the propyl alsshol
.was diluted with water to the axzeotropic composition, TO¥ n~propancl,
30% water. For further heat absorption, and in order to compensate
9 for the mass.action effect of the 30% water, an oxceos amomni of air
was used. _Because of the seasitivity of the catdlyst %o eerbom
dioxide and to small trases of iron, the water was prepared from
! gteam condensate purified with peat charcoal, and the air was treated
! . by washing first with caustic to remove carbon dioxide, then with
' ' water to remove traces of caustic, and finally by filtering through
glasn wool. Special alloy steel was required for all piping and
eguipment leading up to and including the catalyst chambex.

(3) fhe oilver oatalyst was composed of silver granules, two-five mm in
- .. diameter, having a definite orystal atrusture. The catalyst was
propared eleotrolytically in a ceramic tank contalning, as alectro-
lyte, an air-agitated water-solution of silver nitrsts. and nitric
- ‘aoid. Iumps of silver, susponded in a bag, compiiced. the ancds. 4
. small horizontal rail, equipped with a mechanical sciaper, sorved
‘Tho

v . '25X1 as .cathode. | :
T C graxules whioh fell from the caihode were collooctec, :caovod, washed, o
’ put ints a crusible equipped with a tube, and heated te red heat,

500=600C, in an o2lactric furnacoe. Moethanol vapere woere then intro-
dnood through the tube in the ermcible, and after several minutes,
the granules, thus astivated, were cooled and gtored for use; Reac-
41vation of used catalyst was accomplished in the samé manmer, ex-,
caept that a 24-hour digestion with concontrated nitric acid, fole
lowed by a 24-hour digestion with ocroesntrated ammoniuwm hydroxide,
was required %o aspure complete removal of all iron and copper
before the orucible treatment.

(4) The procéss for the production of propilonaldebyde @as es follewes
) The azeoiropic solation of normal propanocl and water wes pre' -~ ¥2d,
vaperized, and mizeg, in a nozzle-type mixer, with the éxceds :ix,
preheated to 80~100C. The resulting bdlend was introduced to the
raeactor at such a veloc%ty that the heat of reaction maintainel
the-catalyst bed at 520 C. The catalyst bsd, compcsed of why<r
layers with the largest granules on the bottom, was sp- 230 on
bromze screcn supporied on a perforated sheet of Deutr.. -iv alloy,
which 18 roughly 18-8 Cr-N1 alloy containing alzo 24 i and 1%
Mn. = Booause proplonaldehyde is not ptable at 500 C, the productu
from the catalyst chamber were immediately cooled in & bundle of
vertical tubes located directly under the catulyst bed, anu Tu.am~
ing an integral part of the reactor unite.

(5) Produote from the reactor were led to a second cooiel, bta.-k
. oamstlic neutralizer to rewove orgauilc ascidsg and then to = e.

distillation column ia which an aldehyd. .icis.s frantlen was
.. SECRER
, 25X1 | |
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goparatod from botioms containing residual products, water sand un-
reagted propanol. The aldehyde-water fraction was distilled in an
sluminim column to produce 97-98% propionaldehyde aé finished produoct.
Phe bottoms were processed in a third colummn to reoover n-propanol-
wator azeotrope, which could be recysled. .

(6) In starting up, the catalyst chamber cover was replaced by another
containing a gadiant heater. As soon as the catalyst was up to tem-
perature, 550 C, the heating cover was replaced by the operating
cover, and the preheated vapar mixture introdused. The process was
oontrolled by visual observation of the red-hot catalyst through
peep glass in the operating cover. :

(7) At Leuna the production was intermittent and averaged about 30 moirie
. . +tons per month of propionaldehyde, which was used only for the pro-
duction of trimethylol ethana.

3o ZEroduction of Trimethyloel Ethans

(1) or Gomapemer | |completed thie report during the months of Janmary
. . and February 1950. |
25X i L
. The
25X1 report descrided the very cxpenaive process used at_ Leune during the
waxr t0 produce trimethylol ethane, or P3, which could be msed as a’
25X1 pubgtitute for glycerine in the manufacture of alkyd resins by reac-
tioi with dibasic acids or anhydrides. It could alao be used a3 an
25X1 antifrenzé.[ _ |believe it was also nitrated at Troimdorf, near
Colegre, tc produce an explosive used in the tropiea, but it was
rumored the explosive properties were not too good. The name PJ
gtooed for the 5 penta carbons snd the 3 methylel groups in the mole-
cule. The process involved the reastion of one molecule of propion-
aldebyde with three mclecules of formeldebyde and ovme molecunle of °
water to produce trimethylol ethane and formic acid with dimethylol
prepionaldehyde as an intermediate. ‘ '

(2) In practice, about & two-ton bateh was charged into a wooden vat
. equipped with a stirror and a coil.' Tho latter could bde mased for .

wetor cooling or for atoam heating. Included with the sharge wap .
& dofinite amount of caloium hydroxide, perhaps about 2% by weight,
whioh was introduced in the form of milk of lime, and sexrved as a
catalyst for the sbove roaotiogeo For tho first +4wo hours, the (
ocharge was maintained at_20-25 C by.the use of cooling weter, gince
at temperatures above 30 ¢ condemsation reaciions wounld occur im
the presemoe of lime. Sulfuric acid was then added to neutralize
the lime, the ooo%ing water was replaced by siteam, and the clharge
was heated to 100 € owver the course of one hour. After cucell ,
the caloium sulfatoe and any calocium formata which had settiled out
were removed by filtering through a filter pross. The filtrate,
containing P3, wator, some calcium formate, and organic residue,
wos punped into two tall towers, each of abou’ 50 oublc meturs
oapaoity, where further settling of salecium formate could ococux
P1lirate from the mpper layers was pumped toc the three-stagc,
comntercurrent extracting units. We had saloulated that thrae
stages would be the optimum number, and were gratified to f£ind,
whon the Leuna data arrived, that three stages had proven b-et in
aotual production.

SECREL
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(3) 1In the old process; isobutyrone, composed of ome part isotutanol

, . . aad two parte didsobutylketone, was used as the éxtractore It

was not very seleotive, and was saturated by about 1% of P3. Im
the last months of the war it was found that isobutanol alone
wae & better extraotor, both in regard tc seleotivity amnd agdla~
111ty of P3, which was about 5%. This méno alooliol extracter
gas called Monol. Each of the three-stage, counteroiirrent eXe
tracting units had a capacity of about six ocubie metors. Ml-

) trate occupied about three~fourths of the wvolumo of aeash.

4 ' Bottoms were eventually discarded or else hydrogenated.for fuet.
®he extract was stripped of its water-soluble PJ oontent by pasa-
ago through two water towers. The stripped extract wag distilled
before reuse in order to remove organic residues whioh could be
disoarded or hydrogenated for fuel. The water solution of P3 was
ooncentrated in a nteam jacketed kettle equippéd with sevaeral

" #ractionating plates. The concentrated P3 welt was dried in a
vacuum drum drier. The final P3 product was o colorless orystal
which was stored and shipped in.dzums. War production of P3 at
Leuna vas about 50«60 metric toms pexr month.

ko Production of G;xoerine

(1) %his Feport by Drs Herold and Sohmidt was supposed o cover the

. mothod used at Heydebreok, but no data whatsoever wexe aveilable
therefore, Dra Herold and Schmidt wrote a very short thoorstiocal
report based on US literature.

i. Prodnction of Oppanol C

25X1 (1) Dr Gemansmor [ ]workea on this memorandum:. Sincé Oppanol C was

- a plastic development at Oppau, and liad not been prédumced at Leuna,
we wore foroced to rely almoat entirely on data Gomassmex had in

o his private notes. .

(2) oppancl C is made by polymerization of lsobiitylono at ~80°C uoing
boron trifluorids as a catalyst. The K=wert, ox condengation
value, 1s about 1000 monomers, and is controlled by the addition
of amall amounts of diimobutylene, lesa than 0.002% béing suffi-
olent to restrain tie chain growth to the desired length. ‘In
praotice, the :Lao'ougylene is dlssolved in ono stream of liquid
ethylene (bp = =103 C), and the boron trifluoride and diigodbutyl-

D ene disspived in a oacond stream of liquid ethyleme. These
streans are mixed by pouring them together on & horisontal,
stainless steel, endless oconveyor belt where thé iasobuiyleme is
polymeriged and the eithylene solvent vaporized. BEthylene vapors
are recovered, ocmpressed, oondensed and reusod. The produci is
a dry, brittle £ilm, which breake into flaokes as it leeves the
oonvoyor belt.

(,3) Oppanol € is thermoplastio highly elastic, and can be mixed and
oompounded with natural rubber. It nakes oxcellen} olastio seal-
ing ringse )

Fe Production of Mersol

(1) Drs Hereld, Geib, and Sohmidt divided tho work om tHip roport ao
. " followss Dr Herold submitted a gonmeral reviewj Ir Goid workod on,
but never completed, a theoretical review on the sulfeohlrrination

of hydrogsarbensj end Dr Sohmidt completed & review on the sepans=

tion of reaotion products by extractlon. "

SECRET
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(2) Mersol is produced by reacting gtraight chain hydrosarbonm, com~

. . taining 12«16 carbon atoas with sulfur dioxide ajid éhlérine vapor
at normal temperatures and pressuré® in gquartz reactors umder tho
influence of ultraviolaet light. By noutralizing with caustio
soda; Mersol forma water-soluble psulfonates, known as NMersolate,
which have good detergemnt properties.

(3) Hersol was produced at Leuna during the war. Dr Jighg Is the”
. . prosent chief of the Mersol plant at Leuna. |

L] +tion vof Fatty Acids by _Alk&li Fusion

(1) | —] the method used at Leuna; during the

. . war, to produce fatty zeids by alkali fusion. _The proéess was
as follows: higher struight chain or alpha methyl aluchols com-
taining six~oight car‘bo% atomg were rcacted with caustic seoda im
an auteclave at 240-280%¢ =nd 10«15 atm to produce sodiumi salis
of thé corresponding acids and free hydrogen. The sodium salta
were trested with dilute sulfurio acid to libderate the organic
acids which were then removed by vaouum distillation. ’

(2) The war production vas about 10-20 metric tons per month of"
highor fatty acids. This product is no longer being made at
Leuna.

s —— T —
p ——

(1) This report was | lto describe the wart! w. produotion
. . of addipic acid at Leunaol{ It was prepared by oxidisi = oyelehexanol
with 67% nitric acid at 50-60°C and atmosprheric pr>smre in a

stalnless steel vessel uaccompanied by vigorous stirring to avoid
dotonation of an explosive intermediate assumed to be thé nitric
aaid ester of cyclohexanol. Vepors arising from *he Tesaation alxe
ture were absorbed in milk of lime to produce a feriilizer con-
taining ¢aloium nitrate and caloium nitrite. The redotion mixture
was fraotionally crystallized, centrifuged, the oryatals rodis-~
golved and recrystallized and after ceparation dried in & drum
drier weing heated airs; The main by-produots woré oxalie and
puccinioc acids.) A portion of the mother liquor was recycled.

(2) (!M.a plant was dismantled by the Soviets aid probably seat to

. . “psershinsk together with the hoxaméthylansdiemine plant equipnent.
During the war years 1943-44, Leuna produced in Bldg Me ‘478 nbout
30 metric toms per month of hexamethylenedlamines: e _assume tlieze
plants both went to Dzershinsk bocause hexamethylenediamine and
gdipic aoid are the raw materials which are copolymérised and
woven to produce nylom, and the Soviet, Ivan Ivandvich, who had
boan ot Louna and was vo much interssted in.perlom préduotion,
also went to Dzershinsk. ) Furthernore, Drs Sirieglexr”and Mslar,
who were mont to Dzershinsk in October 1946, reportedly had a
pilot plant there for the preoduction of caprolactar, whiokh is
polymerized to give the produot from which perlon fabrie is woven.

on Oxo Process

(1) Pr Gemasemer submitted this report on the Oxo process, which 1is

the “production of aldehydes fronm Fischer-Fropech olefins by ireat-
ment with carbon monoxids and hydrogon. " ®he aldehydes can them be
reduced in a second step to give the corresponding aleohols.
SECRET
25Xl I
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(2) Prof Rovlen worked on this prodess for Ruhr Chemie before tho ware
. Shp Ruhr Chemie gave its results on Fischer~Tropsch d@ynthesiz to '
* I. G. FParben, and the twc developed the Oxo procens togethor. Both
I.G. lugwigshafen and I.G. Leuna worked on it. At Leuna, the raw
1iquid olefin was mixed with oobalt catalyst to form a slurry which
was pumped into the reactor at 200 atm. Carbon manoxide and hydro-
Zen were rooyoled tarough the reector, and the 1iquid reaciion mix-
turé was drawn off and filtered to remove éatalyst. 'The aldebyde
£raotion was then redueced with fresh hyarogen in a f#eoond réavtor at
200 atm over a fixed bed of Fischer-Tropsoh catalyst sonsisiing of
oobalt, magnesia, and thoria_en kieselguhr. .

(5) S4nce carbon monoxide was poiscnous to this catalyst, the small

>77 amounts entering in the orude aldehyde feed were stripped axd re-
moved by cycling the hydrogen through the reacting mixture in the
reduotion vessel and then through a methanization oven where the ~
cubon'%onoxido wes converted into methane. This oven operated at
180~200"C and 200 atnm, and contalned the name black oxide oatalyst
as wad noed in ammonia synthesis. The reduced alomhsls of 8-16 care
ben atoms, were drawn off from the bottom of the reduction vessel
and separated by fractiomel distillation. They woere desired es-
pecially for the productlon of synthetic doiergents.

Qe .. Rapexrt onm g;r_:; ol Procens )

25X1 ;1) | [this report whiech 'akprep_aréd by Br
. Gemasocmor oontalned only material presently availdhioe in the literature.

!

Te 0; el-Type Drying Oven

25X1 (1) Dr Sohuidt worked on this denign.
Be. ‘mﬁtia&' ire on Brown Oxide Catalyet

X' This quastionnairs, which was prosented to D2 SohnideZI oon~
“ owrned thé prodmotion of brown oxide catalyat at Heydedrsck, Silesia.
Phis plant had been built during the war, primarily for tlie produc=-
tion of isobutancl, which by catalyiioc dehydration aould b5 converted
t0 dsobutylone, which could then bo pelymerimed and ocatalytically’
hydrogeaated to isooctane for uop 4n aviation fuelm. The plant at

. Hoydebreok produced about 100,000 metric tons per year of isobuiancle.

-(42) Thore were about fifteen questioms in all, suoh as the followings

T " oomditions of precipitation, produotion temperatures, production of
a ohromiua nitrate solution, tecbnological guestions omn the construo~-
tion of & mcrew oonveyor, questions concerning disposal of wasto
waters containing iron and chromium, etoe

{3)
25X1
.t. Bepexh.ep Production of Ammonia Catalyst

I .
25X1 (1) L 1 |the method of preducing
. ammonia catalyst at Leunao This catalyst is a black oxide catalyst

25X oontaining, mainly, ferric oxide with 24 potnssium oxide.
SECRET
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25X1 (1) D Horxrold wrote this memorandum on the Leuna hydrogoen purificationm

25X1 | v I

25X1 (2) 1In thé second pert[ Kiscussed the poassible use of this aatalyst in
. . the following ayntpgqes:

(a) The XWSy or hydrocarbon synthesis for produmcing saturated hydro-
. . ecarbons directly from oarbon monoxide and hydregéne.
(b) 'The Michael process for the production of olefims froa carbon .
== . . monoxide and hydrogemn by recycling the gasepus pradmotis.
(¢) The Duftechmidt process for the production of vlerfins fram
. . eoarbon monoxide and hydrogen by recycling not only tho gaseous
products but also the cooling oil in which the fixed catalyst
bed is immersed, and in which the olefins are dissolved.
(d) “he Synol procese for producing oxygenated hydrocarbons directe
N 1ly from carbon monoxide and hydrogen, instead of from olefins
as in the Oxo procesa.

() The production of hexamethylenediamine by hydrogenation of adipie

dinitrile. Although the laboratory catalyst was Raney miokel, black
oxide ocatelyst was used in the plant.

ue Memorandum on_ydrogen Purificaetion with Alkaline c;:m r Solmtion

plant|

25X1 |

- (2) Dr Herold later remarked that hs hed unintentiomally reported a
. caxbon monoxide sontent of 0,001%, instead of 0.01%, in the hydrogen
~ges after purificaticn with alkaline copper solution.

Droduotion of Highex Alcohols by Aldehyde Reduction
L4 w(1) 3r Gomasemer[  |worked ém this interim assigamont, whioh wos
i . . eootually a questionnaire dbéncerned with the temperatures, pisasures,
25X1 and throughputs to be employed for such a procaéss. Wa considered
: the smssigument ridiculous since aldehydes are generally preduced
fron aloohols, and not vice-vorsae

(2) It is omnly in the case of the Oxo Process; where the aldehydes cannot
Ye Teadlly separated, that they are reduved to predice alcohols of
8~16 carbon atoms. Also in higher alcohol fractions, aldehyde
impurities may be reduced to corresponding alcohols to faollitate
separation in subsequent fractional distillation. '

-~ o~

¥e:. Breodwation of llethanol and Isobutyl 01l

- (1) fThis xreport by Dr Herold included a flow sheot. and deséripilon ‘of,
. the Synol process used to produce oxygenated hydrocaxbéns, primarily,
methanol and e mirture of other alcohols comprising lsebutyl oil. Im
" _thie precegs, a mixiture of oarbon monoxide and hydrogen gas are passed
at 350~-400"C and 220-230 atm over a methanol catalyst interanally
eooled with ocold synthesis gas. The catalyst contains about '33% sime
oxidey 66% ohromic oxide; and ono=two per cent potassium oxide. T
en not acquainted with the details of the process. .

‘xe Separation of Alcchols im Igcbutyl 041

(1) Dr Gomassmor deseribed in this report how, by hydrogenation of alde=
. . hyde impurities end by fracilonal distilletion, the aloohdls im isc-
butyl oil could bo separated.
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.y'.‘. Design of a Pilot Plant for Fischer-Tropsch Synthesis by the U3 Hothod
uaing Fluidized Bed of Iron Catalyst T g e

(1) Hr Maksroy, whp had been.Deputy General Menager of Leuna until
January 1950, -arrived at Sevei o-Donetsk in April 1950, and gave

25X1 entire group, including Bode, the above assignment. He also To-
quespted the design of a pilot plant for separation of the Fischex-
Tropooh synthesis products. .

(2) | | ve11 supplied with
us literé.turel |received partly in the original and partly
. 25X1 in photocopies sent directly from Moscow. We alsc had available,
25X in Brennstoffchémle; a 1949 article by Mr Pislhler, firiend of Mx
Tropsoch, desoribing the American Fischer-Tropsch synthesis, 'i» which
he olaimed that by recycling, a conversion of 90% was possiblee.

(3) (uthongh the normal American operating pressure was 15-20 atm,.

. . designed 2 pilot plant in which, for experimextial purpoges, pressures

25X1 eould be varied up ic 50 atm, sund temperaturés from 400°C down to
18070, The pilot plant could thus be used at the higher tompora-
tures to produce hydrocarbons, as in the American process, or at

25X1 the lower temperatures to produce oxygenated hydrooarbons, as in the
German Synol rrocess. assumed the higher temperatures would be
necesgeary in the production of streight hydrocarbons in order to
prevent the occlusion of higher paraffins on the rluidised catalysti.
The plant was deaigned to treat 180-200 cubic meters of synthesis
gas psr hour, oontaining two parts of hydrogen per part of saxbon
monoxide, It was assumed that the aynthesis gas would be svailable
at the plant and that & conversion of 50% would Yo obtained without
racyocling.

(4) The feed gas was to be elociriocally preheated before entering the

reactor at a limear velooity of abouir 1 f{ per Bec under & pressure

of 1525 atm. The gases from the roactor were to be separated from

the fluldized oatalyst in a cyolone separation. Catalyst was to be

reoyscled for about one hour before being replaced. The hut gases

wore to be filtered through a ceramio hot filter. The liquid waxes,

high boiling paraffins, and catalyst fines were to be dlscarded.

N The filtered gases were them to be passed through a water-cooled

: haat cxchanger, from which the higher boiling peraffins and organic
acilde would be separated and treated with sodium hydroxide solution
to remove the orgamic acids. For an actual plant, the aocids woumld
be removed by other means. '

(5) Bomsining gases wguld be cooled in a liquid ammonizs coglér to no
less than about 0 C to prevent icilng im the liguid hydrocerbon
fraoction. The methane, ethane, and ethylene in the residuil gasea
would be removed by absorption in 0il or charcoal. TUnreacted syn-
thesis gas would bo metered and burned as fuel, or recompressed and
Teoyoled.

(6) The plans inmcluded six-eight tanks, each of one=iwo gubilc meters
. . ocapacity, in which to store the ligaid hydroaarbonq.)

(7) ¥r Makerov intended to build this pilot plant as soon as an expoerie
mental ladoratory was availables .

Prodnctn P

Be (muiﬂ’of a Pllot Plant for Sepuration of the Fischer-Tropsch Syntheain

(1) Thé Fisoher-Tropsch oynthesis products could be divided into the
) water layer containing low alcohols, ketones, eto., and the oily
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layéxr containing olefins and higher cxygenated produotss "Bach

layer reguired special treatment. The first step with éach layer
was to reméve the three-four carbon.atom fractions in topping stille.
These fraotions could then be polymerized or alkylated to iacostanc
and the like.)

(2) .Geveral methods werc proposed for treating the residual water layer.
! : . .. Among them wore:

" (a) Simple fractional distillation to ssparate the products

(b) & combinatien of extraction and fractional distillatiom of both
. . extract and residue

() A combination of esterificetion end fractional distillation

(dj ¥Mild reducotion of' aldehydes and ketones to corresponding alco-~
. . hols followed ity fractionation or esterification and fractional
diatilla.tion

v - -(e) Dr Herold suggested oxygenation of aldehydes and ketones to Pro-
' . dnco organio noids

{(3) Tho methods proposed for treating the reaidtw.l olly layer included:

(a) Simple frasctiomal distillation to separate the products

(b) cCatalytic roforming over mctive clay to iIncrease the cotare
rating of the gusoline produced. The active clay would alse
psexrve a8 a dohydration agemnt to yield additional elefins for
the reforming process

(a) M1ld redustion of aldehydes and kstomes to corresponding alco-
. hols, fellowed by esterification with boric 20id or borFls am~
hydride. The hydrocarbonm sould then be separated frem the
bhorie acid estere, and the emtexrs, becanme of their wido range
o2 boiling points, ocould then be readily separated dy frac-
4ional distillation. The aloohels could be rogonorated by’
treating the separated esters with sulfurié adid. Thisz methad
was originally an analytioal preeedure, but it had been workod
out at Leuna during the war for the plant production of aloe-~
holn from tkho 8ynol process

' - . (4) 8eme as (c), but using a higher dibasic fatty aoid, such as
it nq.fl.pio acld; instead of boric acid.

The catalyst specified for the mild reduction of aldehydes and
ketones in both the water layer and the oily layer was the Louna
oatalyst No 1930 composed of 125 mol Cu, 0.50 mol craos, and 1,090
mol 2n0.

(4) (!Eha pilot plant design included some caloulationa of distillation
oolumns, extractors, reactors, oxidimers, and reaction vemsels for
oatoririontion. The oonsuaption of syunthesies gas was t6 be 160 -
200 ébm per hour. The final design was completed in December 1950,
and turned over to Mr Makarov in twe books of mors than 200 type-~
written pages eaoch.)

(A-)

(1) !he entire group was given this assignuent in January 1951. As
reforence wo had a Soviet report by Major Mmrzin, on the unpressurised
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o Léuna method. This veport had beenwritten partly by Hurzip and partly
. by Baumann, who 1s chief of the conversion plant at Leung. Hajor Nur-
“ : zin 18 presently chief of a branoh of the GIAP at Sovero-Donmetsk. [ |
25X1 bad little material on the conversion under pressure, éxcopt for an
issue of the US publication "Industrial and Engineering Chemistiry",
1949 or early 1950. . .

(2) vYhon osteam 13 passed over glowing carbon or ooke, an ojuimolal mix-
s . . +ture of ocarbon monoxide and hydrogen, known as wafer-gas, is formed.
Additional steam will reacs with this water=gas, in the presence of
brown oxide catalyst, to form carbon dioxide and hydrogem, the so-
called water-gas shift-reaction. By removal of the carbon dicxide,
hydregea is avallable for ammonia synthesis.

(3) 1In early practice, tho wator-gas from the gonerators was first puri-
fied to remove the sulfur by a two~stage procese in whioh first
alkazid or diethylol amine was used to remove hydrogen sulfide and
carbon dioxide, and then aciive charcoal was used to remove residual
organie sulfur. The churcoal could be regenerated by extiraotion
with ammonia solution to form ammonium polysulfide., Sulfur from
this compound was sent to Bitterfeld for the production of sulfuric
acid.

(4) ‘The purified water-gas wan then washed with water at’ 70—80°c in a
woodan grid ocolumn from which it left, at atmospheric pressure,
ocntaining about 504 water vapor. It them passed through a stoam
injector which provided excess steam and the pressure necessary gor
flow through a heat exchanger and water-gas shift reactor at 360°C,
and due to tho exothermic heat of reaotion left at about 46000., It

- was partially cooled in the heat exchanger already refoerred to and
entered a second woocden gpld column where it was further oocoled
with water spray at 67-70°C. It was then compressed to 20 atm,
purified frou carbon dioxide by water washing, and furthér compressod
$0 200=250 atm before being pipeg 40 the hydrogen purification plant.
7he water spray, heated to 70=80"C in tho process, was oigoula.ted to
the first wooden grid column where it was cooled to 67-70 ¢ and ro~
cyoled, with the addition of make~-up watere.

(5) The brown oxide ocatalyst contained about 90% ferric oxide, 6% chromilc

. . sesquioxide, and 4% water and other impurities. Although 1t was oul=
fur resistant, it was neccssary to remove sulfur from the water-gas
gince the black oxide catalysi in the ammonia synthesis was poisoned
by the presence of sulfur in the hydrogen.

- (6) The primary ocest in the process described was the cost of the injec~
- . tor oteam .and ihe cost of compression following the water-gas shift-
reaotion. Since this reaction produced two molecules of hydrogem
plus one of carbon dioxide from one molecule of hydroegea plus one of
oarbon monoxlde in the water-gas, it followed that compression costs

could be reduced one-third by compressing the water-gas to 20 atn
and conducting the shift reaction under that pressure. Cost of
injector steam could be reduced by taking advantage of the oxotbermioc
hoat of reaction to generate steam from & water apray within the
shift roactor. This procedure would have the further advantage of
providing a more uniform and lower reaction temperature whioh favored
the equilibrium. Excess wator vapor was used to displace the equi-
1ibriun to the right. Tc the best of my kmowledge, the equilibrium
was uminfluenced by the higher prossureo.

(n (Eho reactor. proposed had a capacity -of 10,000 oubic meters per hour
77 Vof fresh water-gas. It was about 206 meters in diameter and nino
motors high. The uppex and lower poritions each oontained about five

.

SECRET

25X1|

- 12 -

Approved For Release 2005/06/01 : CIA-RDP80-00809A000500760044-7




Approved For Release 2005/06/01 : CIA-RDP80-00809A000500760044-7

0 SECRET
S e R W—

oubic meters of catalyst of 1l.13-1le14 bunlk deneity. The ceantex por-
tisn, over whioh water was sprayed, comnsisted of o aix-ten om layer

25X1of Raschig ringas )

(8) %he Heydebreok pressurs reactor had been similar in designm, bnt
25X1 higher and vith soveral water spray levela.

(9) I:Ino'nr d.id. oome to a decision regarding the use of a fluidiszed
bed for the water~gas shifit-roaction undexr pressures. The repoxs

" remaimed incomplete except for[ Imotes and a rough draft which
25X1 wore handod in before | |May 195i.
(wp) gmed Gatelyst Produotion Plant at Savoro-nonota

(1)
25X1 '
{2) In July 1950 Severo-Donetsk was incorporated into the GIAP, the
... Government Institute for Hitrogen Produciion. At that time, Ur
25X1 Eursin talked qwbout plans for a largé catalyst plant. These
plans had been workad out at Sov_et reyaest by tke KIB, the Con-
struotion Engikeera Bureau, which uséd to bé¢ part of Leuna dut
was ontiroly sevarated from it in eorganiiation after the war when
Lound was a nmombor of the SAG, Soviet TFnc, while the KIB was ®people
owned", Although thess plans, whioh were contained in.seven volumes
in the Severo-Donetsk archivés, were preliminary in the sense that
the loocation of the plant and the source of water and power supply
wore not identifled, they were, nonétheless, exeovted in groat detail.
!hey oallod for the zollowing production: .-

\(a) PBrown oxide’ catalyst for watef-gas ohift-ranctiois 500 metric
tons per month. This is abont six times larger than present
roquiremonts at Loune.

(») Black oxide na.tnlyﬂt for cmmonia nynthenia; 100 motric tons
.- . por nonth, .

(o) Gobalt, mcgnesium oxide, thorium oxidé, om kiesslguhr Sarrier
. . for Pisoher-Tropsch symtheses; 200 meiric tons per month.

(4) Zine oxide, chromium oxide, potissium exide catalyst for
- -othuol-;aobntyl 0il syntheosis; 30-40 metrilc tona por month.

(3) Othor catalysts for which Ddo not recall plamned production capade
. 1ty wore:

25X1 (a) Alumina, kaolin catalyst for methyl amine synthesis.

(b) Bickel sulfide or tungston sulfide ocatalysts fox hydrogenation.
. fhe small smount of hydrogen sulfide 1n the hydrogen fced gas

koope tho oa.tulyn active.

(¢) Copper, ohromium oxide, simo oxido catalyst, oalled Lsuna Ne
© . . 1930, for after-hydrogenation in the synthesis of higher
)ﬂ‘ aloohols.

25)’(1 (d.) Zino oxide, pumice ocatalyst, and Fecoal, which is an active
o5 oonl for the desulfurization of l;mthoaia gaB.

4) Al-  gh Dr SOhmid‘|:|apeoifically questioned only &bout
tho brown oride oatalyst, whioh was not prodncod at Louna until

[

o

25X1 after opaitars for the USSR, it was evident] ]
; hoe was well acquainted with the oomplete

25X1
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S804 of plans Tor the catalyst rrodmnction plant and that inotallation
of thig plant at S8evero-Donatsk was contemplated.

(c0) Poseidlo cyclonite Produotion Plant near Rubeshnays

(1) There is a plant dbetwsen gevero-Donetsk and Rubeshnaya, but nesrer
the latter, oa ite southern periphery, where cyclonite is supposed-
1y being prodnoedc Cyrolonite 1= trinitrotrimethyleiztriamine and
i 2lso known as hoxogsene and R%I.

(2) 1Ix July 1945 this plant was stiil rot in operation, and German pria-
" cpers of war were working ian tlies ruins. By &bout June 195C, hovever,
& aingle smoke stask was operating intermittently, as if the plant
wore starting upe This plant receives its power from Prole taxrsk,
25X1 noar Severc-Donotak. | -

(da) Phthaelic Aggxgriﬁe Produotion Plan: at Rubeshuaya

(1) The Soviets are making phthalic amhydride at Rubeshnaye, whioh 1is

7" about 14 ¥m from Severo~Dometsk. I do not know the plant capacity.
The produotion procaess im by oxidation of nephtsalene over & fixed
bed of Y205 catalyst,

(2) According to information from 5 Wermer Xeller, who is one of tha
. " @oientistns doperted from the clhemiocal plant st Felfen to Bubeshnays,
tho Soviéts requestod that Dr Schunter (fnu), snother Wolfem scion-
tiat, modify thie method of production from fixed bad %o fluidised
bed. Thoe vanadium oxide catalyst would be drawn off continwously,
regenerated s eand returned to the reactor, thereby making the oxida-
tion a comtinmous prccess. DIr Schuster worked on this project in
25X1 tho lsboratory at Rubeshnaya and finished it, making & pilot plent
whinh oonld be msed for small production. | |

25X1 | I

- end -

25X1 | |




